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EPICARDIAL HEARTWIRE. CHEST TUBE WITH 



EPICARDIAL HEARTWTRE. AND METHOD OF USE 



CROSS-REFERENCE TO RELATED APPLICATIONS 
[0001] This application is based upon and claims priority of U.S. Provisional 
Patent Application 60/424,537 filed November 7, 2002, the disclosures of which 
are incorporated by reference herein. It is also based on U.S. Provisional 
Application 60/350,710 filed November 13, 2001, also incorporated by reference. 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0002] The present invention relates to an epicardial heartwire (also called a 
temporary myocardial pacing wire or stimulation lead), a combination of a chest 
tube and an epicardial heartwire, and a method of using the same. 

Related Art 

[0003] Conventionally, heartwires are positioned epicardially to the 
myocardium and stitched or passed through a myocardial tunnel. Typically, they 
stay between one and seven days in the myocardium, usually for 1-2 days, and 
preferably less than 7 days, after open-heart surgery. Before the patient is 
released from the hospital, the heartwires are pulled out of the myocardium. 
[0004] A problem that occurs sometimes is that, during the pullout process, 
the myocardial tissue is injured or disturbed and starts bleeding again. Also, 
since epicardial heartwires are normally placed underneath the skin in the form of 
a loop, the loop of a wire being pulled out may catch a vein or other structure, 
which can be fatal for the patient. This risk is especially dangerous when a loop 
of wire becomes tangled around a vein graft, which may moreover have metallic 
clips applied at its branching sites. 

[0005] There is a need for an improved arrangement which can avoid the 
foregoing problems. 
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SUMMARY OF THE INVENTION 

[0006] According to one aspect of the invention, there is provided a unipolar 
or bipolar heartwire, which can be placed on the myocardium without having to 
be passed through the myocardium, and a method of using the same. 
[0007] After every open-heart surgery, small pledgets made of a 
biocompatible cotton or Teflon material are stitched to the heart by very fine 
Prolene sutures to repair or close the heart. Other biocompatible materials may 
of course be used. These pledgets are permanently sutured to the myocardium. 
According to this aspect of the invention, a heartwire is placed underneath a 
pledget, between the pledget and the myocardium, for temporary pacing. An 
irregular or three-dimensional structure such as a silastic coil or pigtail, or 
another atraumatic anchor mechanism such as silastic tines or a crimped Prolene 
suture, at the distal end of the heartwire, keeps the heartwire in place underneath 
the pledget. Other materials may of course be used. For removal, such a 
structure can easily be pulled out from underneath the pledget without injuring 
the myocardium. 

[0008] The invention is advantageous in that it uses the standard pledget and 
sutures to fix the heartwire, not requiring additional sutures for this purpose, so 
that there is less chance of injuring the myocardium when the heartwire is pulled 
out after several days. Further, the cost of materials is reduced. 
[0009] According to a second aspect of the invention, a chest tube is 
combined with a heartwire. Chest tubes are used to evacuate blood from the 
mediastinum (interpleural space) after open-heart surgery. They are also used to 
evacuate blood and air from the thoracic cavity after thoracotomy for lung or 
pleural surgery. The chest tube stays in the mediastinum after heart surgery for 
one to three days depending on the amount of post-operative drainage present. 
[0010] One or two chest tubes are used to drain blood after every open-heart 
surgery, and to monitor the bleeding thereafter. Chest tubes are typically located 
very close to the heart and extend out of the patient's chest through the skin and 
they are fixed with a suture in that location. The suture is tied to close the chest 
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tube exit site. In the majority of cases, chest tubes are removed within 2-3 days 
after surgery. Temporary pacing wires are also removed after 2-3 days in the 
majority of cases. A commonly-used type of chest tube is a plastic tube made of 
biocompatible rubber, which is between 20 and 40 cm long, and has holes at the 
distal section. The holes allow the excess blood to enter the chest tube. The 
chest tube itself is connected to a vacuum machine. 
[0011] The chest tube of this aspect of the invention has an elongated 
structure, such as one or two grooves formed in its side, where a unipolar or 
bipolar heartwire is embedded. The heartwire is held in place in the chest tube 
by a peelable film. By inserting the chest tube, a heartwire is inserted at the same 
time. After insertion of the chest tube, the heartwire can be peeled from the chest 
tube, depending how much length is needed for the heartwire to reach the 
myocardium. The heartwire is preferably but not necessarily similar to the one 
described above in connection with the first aspect of the invention. 
[0012] According to another aspect of the invention, a fixation wing is 
attached to the chest tube and the pacing wire or wires run lengthwise through the 
fixation wing. Manufacture is simplified by this form of the invention, since it 
does not require formation of grooves in the chest tube. 
[0013] An advantage of these combinations is that when it is time for the 
chest tube and the heartwire to be removed, they can be pulled out together. 
Another advantage is that the pacing wires follow a direct path to the heart, so 
that there are no loops. Thus, there is reduced chance of a heartwire being 
tangled on a metallic clip or anything else at the site of vein graft branches. 
[0014] In this connection, it is unnecessary for the heartwire to be secured to 
or embedded in the chest tube near the distal end of the chest tube. Leaving the 
heartwire unattached to the distal end of the chest tube simplifies manufacture, 
since the drainage holes can be formed without any consideration of the 
heartwire; the groove or other securement for the heartwire can be made shorter; 
and the heartwire can more readily be pulled away from the chest tube for use. 
[0015] Another advantage of the invention is that the chest tube can 
incorporate the ground pole to the temporary heartwire. 
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[0016] Further, since the wires are separable from the chest tube it becomes 
possible to remove the chest tube first, leaving the heartwire(s) in place for 
continued use. In 90% of cases, both chest tubes and pacing wires are used and 
can be removed together, at the same time. In some patients, however, the 
pacing wires might need to stay for few more days after chest tube removal. 
[0017] Additional advantages of the invention are as follows: It eliminates 
any necessity to leave loops of wire on or near the surface of the heart, by 
combining the chest tube and the heartwire together so as to permit shortening 
the heartwire length. It does not require the pacing wire to be in a myocardial 
tunnel, but rather lets the wire sit on the epicardium (the outer covering of the 
heart) and prevents its dislodgment by suturing a Teflon or other material pledget 
on the myocardium over the pacing wire and tie. It may permit all cardiac 
surgery patients to have pacing wires for at least 1-2 days, so that they can be 
paced immediately if the need arises. Once the chest tube is removed, the pacing 
wires come out together with the chest tube. There is less risk of bleeding from 
the site of pacing wire fixation, as there is no myocardial tunnel which could be a 
source of bleeding. It may remove the need to monitor patients' blood pressure 
and pulse for 2 hours after pacing wire removal, a protocol many heart centers 
follow at present. Further, the chest tube can be removed with the pacing wires 
still in place, if pacing is still needed. 

[0018] Even conventional pacing wires can be made safer with the disclosed 
technique of epicardial fixation of temporary pacing wires with, for example, a 
Teflon pledget and a silastic coil at the end of the pacing wire. 
[0019] According to yet another aspect of the invention, a chest tube may be 
combined with at least one tube, preferably at least two tubes, for delivering post- 
operative local anesthesia to the chest cavity, particularly to the intercostal nerves 
which run on either side of the sternum inferior to the ribs. (See Fig. 11.) This 
anesthetic delivery system can reduce post-operative surgical pain, possibly 
obviating the use of opiates, with their well-known disadvantages. Pacing 
heartwires can be combined with the chest tube as described elsewhere herein, in 
addition to the anesthetic delivery tubes. 
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[0020] Other features and advantages of the present invention will become 
apparent from the following detailed description of embodiments of the 
invention, which refers to the accompanying drawings, in which like references 
denote like elements and parts and redundant explanations are omitted. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0021] Figs. 1 A and IB show an epicardial heartwire according to a first 
embodiment of the invention. 

[0022] Figs. 2 and 3 show a combined heartwire and chest tube according to a 
second embodiment of the invention. 

[0023] Fig. 4 shows a variation on the embodiment of Figs. 2 and 3. 

[0024] Figs. 5 and 6 show a combined heartwire and chest tube according to a 

third embodiment of the invention. 

[0025] Fig. 7 shows the embodiment of Figs. 5 and 6, after removal of the 
chest tube. 

[0026] Fig. 8 shows a modification of the embodiment of Figs. 5 and 6. 
[0027] Fig. 9 shows schematically a bipolar heartwire in combination with a 
chest tube. 

[0028] Fig. 10 is a more detailed view of a bipolar heartwire. 

[0029] Fig. 1 1 shows another embodiment of the invention, which may 
include an anesthetic delivery tube and/or a cardiac output monitor wire. 

DETAILED DESCRIPTION OF EMBODIMENTS OF THE INVENTION 
[0030] Figs. 1A and IB show an epicardial heartwire 20 according to a first 
embodiment of the invention, having a proximal end 22 and a distal end 26. 
Biocompatible insulation 24 covers most of the wire. At the opposite end of the 
heartwire is a distal end or pole 26 where the wire is bare. An insulated pigtail 
28 which comprises for example a coiled silastic or silicone or other insulating 
material is attached to the distal pole by any convenient means. Another 
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atraumatic structure such as tines, hooks or a coil may be substituted for the 
pigtail 28. 

[0031] Figs. 1 A and IB also show a conventional pledget 36. The pledget is 
shown connected to the myocardium of a patient 38 in conventional fashion, for 
example by a Prolene suture 40. The distal pole 26 of the heartwire 20 is placed 
underneath the pledget 36, between the pledget and the myocardium, for 
providing electrical contact for pacing. The pigtail 28 extends under and past the 
pledget and holds it in place there. 

[0032] The heartwire 20 may be attached to a chest tube as described 
hereinbelow, or may be used alone. As seen in Fig. IB, the proximal end 22 of 
the heartwire 20 may exit the mediastinum and through the skin by means of a 
sharp chest needle 30; whereupon the needle is broken off at a break point 32, 
exposing connector pins 34 to be connected to a pacemaker. 
[0033] A first example of a combined heartwire and chest tube 40 is shown in 
Figs. 2 and 3. In this example, there are two heartwires. One heartwire 42 
extends to the distal end of the chest tube and the second heartwire 44 extends 
into the chest just past the skin level 46. The second heartwire 44 is used for 
grounding. In use, it will be in contact with the subcutaneous tissues and beyond, 
without necessarily being fixed to such tissues with stitches. 
[0034] The first heartwire 42 is secured to an elongated structure on the chest 
tube. In this embodiment, the elongated structure is a groove or channel (not 
shown) formed in an outside portion of the chest tube 40 and covered there by a 
silastic or other thin film (not shown). Also shown is an optional conduit 45 for 
the heartwires 42 and 44 which may be included if desired but is not necessary in 
this embodiment. 

[0035] As shown in Figure 3, during surgery the film easily releases. The first 
heartwire 42 is pulled away from the chest tube and is moved to a selected 
position on the myocardium 38 and attached there via a pledget 36 as described 
above. 

[0036] In use, the first heartwire 42 is usually the negative pole and is placed 
on the atrium for atrial pacing. The second heartwire 44 is the positive lead and 
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is connected to ground. For ventricular pacing the first heartwire 42 is placed on 
the ventricle and is connected to the negative pole of the pacemaker. The 
positive pole of the pacemaker is connected to the ground pacing wire which is in 
contact with the subcutaneous tissues. Only the first heartwire 42, that is the 
negative lead, needs to enter the chest cavity. In appropriate cases, no separate 
ground lead is even needed, if a ground pole is provided on the chest tube so as to 
make good electrical contact with the patient's tissues 2-3 cm from the point of 
exit from the mediastinum through the skin. 

[0037] Thus, the second heartwire 44 on the chest tube 40 need not extend 
further than the skin level 46 near the proximal end of the chest tube. There can 
be a simple ground pole or terminal on the exterior of the chest tube, or a short 
lead may be connected to that portion of the second heartwire as well. It need 
not even be placed in a channel or groove in the wall of the chest tube, since it 
does not need to extend a significant distance into the chest cavity. 
[0038] Also seen in Figs. 2-3 is a connector 50 which connects the chest tube 
40 to a suction tube 52. 

[0039] Referring now to Fig. 4, a variation of the previous embodiment is 
seen. By connecting a ground lead to the ventricle and the negative lead to the 
atrium, atrio-ventricular (AV) sequential pacing becomes possible. The negative 
lead 44a is attached to the atrium, and the positive (grounded) lead 42a is 
connected to the ventricle, again, via respective pledgets. AV pacing provides 
increased cardiac output over either atrial or ventricular pacing. It mimics the 
normal contraction of the heart. AV pacing can also be accomplished by an 
embodiment of the invention (not shown) wherein two chest tube/heartwire 
combinations similar to that in Figs. 2-3 are used respectively for pacing an 
atrium and a ventricle. In such an arrangement the short ground wires on the 
respective chest tubes are not used. 

[0040] Obviously even atrio-biventricular pacing is possible if two ventricular 
and one atrial lead are used (embodiments of chest tubes containing three leads 
or 2 chest tubes might be required for such pacing). A chest tube can also 
contain a wire to be connected to the great vessels or cardiac chambers with a 
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stitch. The wire can be connected to a device for measuring cardiac output, for 
example by measuring electrical impedance, or to another physical means for 
measuring cardiac output, during surgery and/or postoperatively. (See Fig. 1 1 .) 
This cardiac output monitor wire, and the anesthetic delivery tube(s) and pacing 
wire(s) described elsewhere, can be included with a chest tube either individually 
or in any combination. 

[0041] In Fig. 4, it is again seen that neither of the heartwires 42a, 44a needs 
to or does extend to the distal end 54 of the chest tube 40. The heartwires may be 
disposed in grooves (not shown) and covered by films (not shown) as in the 
embodiment of Figs. 2-3. They may alternatively be adhered to the chest tube 40 
by another suitable elongated structure or other means. Again, they are secured 
to the myocardium 38 via respective pledgets 36 and pigtails 28. 
[0042] Figs. 5 and 6 show a third embodiment of the invention. A chest tube 
40 has a first wire 42b and a second wire 44b fixed to the chest tube 40 by a 
pacing system fixation wing 58. The wing 58 is in turn fixed to the chest tube by 
a thin plastic film 60 or another suitable means, which is easily removable if it is 
desired to remove the chest tube without removing the heartwires. 
[0043] As seen in Fig. 5, the first wire 42b need not be fixed to the distal end 
54 as described above. It is shown free of the distal end 54 in Fig. 6. If it is 
initially fixed to the distal end 54, then it is separated at the time of use and 
placed in the position shown in Fig. 6. 

[0044] In the embodiment of Figs. 5-6, the wires 42a, 44b pass through a 
longitudinal lumen formed in the fixation wing 58. However, they may be 
adhered to the fixation wing 58 in any other suitable way as well. 
[0045] This embodiment may for example be used for ventricular pacing by 
connecting the short ground (+) wire 44b to the ground (+) pole of the 
pacemaker. The longer (-) wire 42b is connected to the heart ventricle 38 and to 
the (-) pole of the pacemaker. 

[0046] Fig. 7 shows the preceding embodiment of the invention after removal 
of the chest tube 40. The fixation wing 58 is sutured to the patient at the skin 
level 46, by a suture 63 passing through the hole 64 formed in the extension tab 
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62 of the fixation wing 58. The suture 63 is the same suture that was used at the 
time of surgery to close the chest tube exit site. Once the chest tube is removed 
and the suture is cut, the same suture is then tied, closing the wound and, prior to 
cutting, one limb of the suture is passed through the hole in the fixation wing and 
tied with the other limb, fixing the pacing wires to the skin. 
100471 Fig. 8 shows a modification of Figs. 5-6, in which the proximal ends of 
the wires 42b and 44b are shown secured to the chest tube 40 by the plastic film 
60 prior to use. 

[0048] The foregoing embodiments have all included unipolar heartwires. As 
shown schematically in Fig. 9, bipolar heartwires are also usable with the various 
embodiments of the invention. A bipolar pacing wire is shown in more detail m 
Fig 10. The two poles of the wire are closely adhered to each other as shown 
schematically at 70, and divide only at the distal end. The longer wire is the 
negative pole 26, with a coil 28, secured to the epicardium 38 by a pledget 36. 
The shorter wire, the positive pole 44, has its own coil 28 and pledget 36 which 
secure it to the epicardium for example about 1 .5 cm from the negative pole 26. 
l0 049] Although the present invention has been described in relation to 
particular embodiments thereof, many other variations and modifications and 
other uses will become apparent to those skilled in the art. Therefore, the present 
invention is not limited by the specific disclosure herein. 
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